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Microstructural analysis of neutron-irradiation induced
changes in polyester fibre studied using EPMA
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Abstract : Electron microscopy is an important characterization technique for the study of textile fibre as it
gives more information on fabric wear, nature of fibre fracture, chemical degradation, abrasion, fatigue and
many others. Electron Probe Micro Analyzer (EPMA) micrographs of virgin and some neutron-irradiated samples
(graphite coated) are discussed. The filament diameter, D, of virgin PET fibre obtained from EPMA study was 12.5
µn. The surface topography of single filament distinctly reveals the core and sheath parts of the filament. The
core diameter of the virgin fibre was estimated to be 1.43 µm. The fibre irradiated at fluence 1 × 1012 n/cm2
shows radiation induced sphere like polymer balls or spherulites of diameter 2.27 µm in the expanded core
region. Due to irradiation, the sheath area crosslinks with expanded core region, which may be responsible for
increase of strength and hardness of the polymer materials. Moreover, the micrograph at 3000 X magnifications
clearly shows that there is no preferred orientation of the polymer in any direction confirming the isotropic nature
of the sample.
Keywords : Polyethylene terephthalate, neutron fluence, EPMA.
PACS Nos. : 81.05.Lg, 61.82.Pv, 61.72.-y
1. Introduction
In general, the modification of polymer properties under ionizing radiation [1] is a
subject of great interest due to the increasing uses of polymers in various fields like
hard radiation environments encountered in nuclear power plants, space-crafts industry,
sterilization irradiators, high energy particle accelerators etc. Among the synthetic
polymers, polyethylene terephthalate (PET) or commonly known as polyester, is
significant because of its mechanical strength, inertness to chemical action and
resistance to thermal environment. Again, PET fibres are mainly used in textile industry
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[2,3]. Apart from that, it is also used in the field of surgical polymeric textiles [4,5],
composites [6,7], nanocomposites [8], conducting polymer [9], electroactive polymer
[10] etc. Polyesters are mainly cross-linked when irradiated. Cross-linking of
macromolecules is facilitated by the appearance of free radicals when hydrogen is
extracted from the main chain of carbon atoms and transfer of the unpaired electron
along the chain. This increases the probability of its proximity to a similar free radical
of another macromolecule. At a definite stage of irradiation, the polymer molecules are
cross-linked or chemically bonded into a common structure. Then this irradiated
polymer possesses the improved mechanical (modulus, hardness, strength etc.),
electrical, thermal and chemical properties. Neutron irradiation [11–13] significantly
changes the properties of polymeric materials by the displacement of lattice atoms and
the generation of helium and hydrogen by nuclear transmutation.
When fast neutron undergoes an interaction, it does so with a nucleus of the
absorbing-material; as a result, materials gain enough energy; hence modification in the
material properties takes place. In a head-on collision with hydrogen or hydrogen like
materials, the neutron transfers all its kinetic energy in a single encounter. The
maximum kinetic energy of the recoil nucleus (ER)max can be expressed as
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where A is the mass of the target nucleus per neutron mass and En the kinetic energy
of incident neutron. Another important aspect is that the fast neutron can produce
dense ionization at deep levels in the material. Such an effect is difficult to be obtained
by direct ionization radiation like protons, because it will only produce ionization at the
spot, receiving radiation.
2. Experimental
Partially oriented yarn (POY) of polyethylene terephthalate (PET) fibre used for our
investigation was obtained from a commercial polyester plant. The PET fibre used for
the irradiation study is of bright yarn type with raw denier (weight in gram of 9000
meter of yarn) value of 78.2 with 36 filaments. The bright yarn with denier per filament
(dpf ) value 2.17 was used for the above irradiation study.
The neutron radiation source used for the present irradiation study was produced
from an Am-Be source by (α, η) type nuclear reaction. Taking Am241 as a α-source of
energy (5.48 MeV) an experimental neutron yield of about 70 neutrons per 106 α’s is
generally obtained from a beryllium target. A neutron beam of energy 4.44 MeV and
flux 2.2 × 106 n/cm2/s from an Am-Be source was used. According to Nereson and
Darden [14] the average energy spread over the 3- to 12-MeV energy range is
approximately 10 percent and the over-all accuracy of the results is ±10 percent or
better. Spread in neutron energy around 4.44 MeV is approximately 44 keV. The PET
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fibre samples are irradiate in air at the atmospheric pressure in the temperature range
of 22–27°C for different exposure times to get three different fluences viz. : 1 × 109
n/cm2 (II), 5 × 1010 n/cm2 (III) to 2 × 1011 n/cm2 (IV). In the present investigation,
surface of the virgin and irradiated PET fibre samples were characterized by Electron
Probe Micro Analyzer (EPMA).
A JEOL JXA-8100, JEOL Co, Japan make EPMA (Accelerating voltage = 0.2 to
30 kV; probe current = 10–12 to 10–5 A with probe current stability = ±0.5 × 10–3/h),
was used to investigate the topography of graphite-coated single PET fibre. An electron
beam of 5 kV and 41 µA has been used for EPMA analysis of fibre samples in the
microscopy mode.
3. Results
The scanning electron microscope (SEM) and electron probe micro analyser (EPMA)
are important in the study of textile fibres as they give more information on fabric wear,
nature of fibre fracture, chemical degradation, abrasion, fatigue and many others. The
EPMA micrographs of virgin and some neutron-irradiated samples (graphite coated) at
two different magnifications (1500 X and 3000 X) are shown in Figure 1. The filament
diameter, D, of virgin PET fibre obtained from EPMA study (Figures 1(a) and (b)) was
12.5 µm. The micrographs of surface topography of single filament distinctly reveals the
core (internal part of fibre) and sheath (covering part of fibre) parts of the filament. The
core diameter of the virgin fibre was estimated to be 1.43 µm. It is observed that the
filament diameter increases due to fibre shrinkage in linear direction because of neutron
irradiation (radiation heating). The fibre irradiated at fluence 5 × 1010 n/cm2 (sample III)
produces a filament diameter of 15 µm (Figure 1(c)). It is also seen that, the core
diameter increases to 3 µm with neutron fluence whereas filament-diameter remains at
15 µm. The fibre irradiated at fluence 1 × 1012 n/cm2 shows radiation induced sphere
like polymer ball or spherulites [15] of diameter 2.27 µm in the expanded core region.
Due to irradiation, the sheath area crosslinks with expanded core region, which may
be responsible for increase of strength and hardness of the polymer materials.
Moreover, the micrograph at 3000 X magnifications clearly shows that there is no
preferred orientation of the polymer in any direction confirming the isotropic nature of
the sample. This was also confirmed in an earlier study using X-ray diffraction, SEM
and Micro-Raman techniques [13,16].
4. Conclusion
The EPMA micrograph of virgin (sample-I) and 4.44 MeV fast neutron irradiated PET
fibres were analyzed. From the micrograph analysis an interesting thing observed when
fibre irradiated at fluence 1 × 1012 n/cm2 shows radiation induced sphere like polymer
ball or spherulites of diameter 2.27 µm in the expanded core region. Due to irradiation,
the sheath area crosslinks with expanded core region, which may be responsible for
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Figure 1. EPMA micrograph : (a) virgin fibre (sample-I), (b) sample (III) irradiated at 5 × 1010 n/cm2, (c) sample (IV)
irradiated at 1 × 1012 n/cm2 and (d) sample (IV) showing formation of spehrical particles.
increase of strength and hardness of the polymer materials. Moreover, the micrograph
at 3000 X magnifications clearly shows that there is no preferred orientation of the
polymer in any direction confirming the isotropic nature of the sample. Again the cross-
linked fibre (i.e. sample-lV) is more useful for textile applications and development of
polymer composite materials.
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